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^icd^- Ki:m2(Z)y- Kfc©ra»c mmi<Dm%m,ffim*£mmm2<D 
m%m.m,m^w.mzmm^n, zommm;- K#»*mbffi 1^7^77 
^-h^bti^ufflbr^ Mifc&iftsiu t&fa^mbffl h7>^77^ 
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3 7bm 8 <Z>v*r*ifr l ^KgB«©¥##SB1tS!«o 

t&SBtiB » ^^'Jt^fe iuSBM # ffl I, ffl l^y h » ic & # ffl 3 *i & 15 IS# 
i: Jfc« L TffffB^* ^ y -fc )b<J^r- $ -fe > X 7 > 7 
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mum* £m&<z>2m<D#$- m^m.m.m^ izmnzmv^-zz &w ht=. j mi 

rnmz itmm 2 m^mn.m.mm^^n^mizm^m&m^^^ % 2 nmrniz 
nfrm&z^mmut. u tffSBii2©i§ratcBufa^^ ; Ey-fe;i/^e 3 BrffH^»m 

5: $ <d icftffit-f s ^ £ -t&m &m 3 73rM 9 (D ^-ftifr 1 StcfB«©¥ 

«5^C«BfffH2M©a^m^(Z)M^r^{cm^©S^$:^x.> %i20)fflmz 

imm 2 m^mn.m.mm^ommmzmmm&mn m c*^ $ 

& mmm 1 omm t m 2 <Dmm t-etyvwit&m 2 owmm® t , 
Mfa^2(D^miai^^^tafBiii ®^ratc^$n§«^&#^«^^ bt« 
l > mmm 2 <D®m m$& # ^ lutam 2 © j$ &c $ ti & m& & m mmmm& 

& $ ^ (cjyftt- s z. £ z&mt. -r&m 3 #m 9 © v^n^ 1 mizmmn* 
mmizizmm 2 mfDm^m.^.m^^m^mizmmoyn^Lm % 2 <z>mmiz 
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[0 0 0 1] 

^^ta'H^aiC^U, 4#lCh>*;i/S&&&ffi (Tunnel in* Magne 
to Resistive)«rm&3pJfflUT"l"/"0" «*©flB1tSff ^MTJ S^SrfrJMLT^ 
^ U b *E U iz ;i/ £$?#UKlCffiS L fc8&C^ > 9 izx * 

sCU (MRAM: Magnetic Random Access Memory ) iZjSWZMM,* t U 1z;i/tf)*iJ& 

[0 0 0 2] 
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tg&* ^ y tav x ^ iti^^ btix ^& ammjtwi 1 ~ 3 , 
#^^i~3#m) o 
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MRAMCD^^'J i?;WC^ffl$tl<5MTJ (Magnetic Tunnel Junction) ^^-Ji, 2 

cd ^ fcraWflc & o i: S¥ (c & o h V h > * ;i/«Sfsc7) £ $ 

fc'<5, >>*;H&^CiS#t3&fll (Tunneling Magneto Resistive Effect) £*#o„ 
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^ ti° > co # iwto ic & o fem&te hy* nmffitf* % < & z> tc &> (c mtj it^- 
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[0 0 0 7] 
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02 9#, STI tt*dF^«lfi«, Gox diffusion liJfeffeJB, 

GCtt^-hm^ MOtt&llBMUS, Mltt» 2 IBiMlii, M2li£3gB*8JS* CDttMOfr 
^diffusion ^\C0n>^^7 K ClteMlfr "dMO'SO 3 > # ? K MTJ l±MTJ fg-?-, 
MXiiMTJ mWiftMBM. CXttMX^^Ml^CDH^^^ hT?&S. 
[0 0 0 9] 
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83 0 (a) \t % ^EUiz^lCifcU m%.*^V-Z)V-fr<o<Dffim 
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0tf», CSttj£«8fcSC, VM&mi±ft> MemoryCellli^^^Uiz;^ Rmc 

^^uiz;i/©#o^m^ » \zm^*=Ev j b)\sizffi,nz>mffiz s tn s eftmt>-to 
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[0 0 15] 

Elm, VStt5t«EESL mzm%L?h. MC (Memory Cell) =E U Rmc 

[0 0 16] 

§E^ffi£ 4% £ Isignal=v/Rmc , HP*>, fl^* ^ U iz;WCBJfltI3 tl 

[0 0 17] 

znb&m&mLm^M<D : &'fr<oftfr2>£ : !)iz. ^<Dm^^L^xiz. m 
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mztk&'tz* lot, ^ ; EU5 l ^^'^4"e^m^5^^^)©m^i^^^e 5 ov^fe^ 

[0 0 18] 

=e'JWW. W c^MRAM-fe ic «fc o T JiStfcffiC * JEftESK & «fc iz > 

o 

[0019] 

Roy Scheuerlein et.al."A 10ns Read and Write Non-Volatile Memory 
Array Using a Magnetic Tunnel Junction and FET Switch in each Cell", IS 
SCC2000 Technical Digest pp.128 ~pp.l29, 
[0 0 2 0] 

ISSCC2000 Technical Digest pp.130 ~pp.l31, 
[0 0 2 1] 

ISSCC2001 Technical Digest pp.122 ~pp.l23, 
[0 0 2 2] 

mrnxm i ] 

4#IH2002-25245#<&# 
[0 0 2 3] 

#ffl#frffl5,946,227 
[0 0 2 4] 
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[0 0 2 6] 

tt _fcf l8NBj& £ "t^O&Stlfcfc©"*?, MRAM -fe ;b CD i& jg,® JftH^- 
;i/®I*ffiLtfIS:^l:b, MRAM©S!^ftLi&fi^S©TO£|£#~oo, * 

[0 0 2 7] 

u -fe ;i> tffizm mm sfifc^y-fe/i/ru**, tu ;* ^ u -t jv ic 7 s - # 

[0 0 2 8] 
[0 0 2 9] 
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j[o],mtj[i] ttsv^ic^^-if^isiisnso fcfc, j^t^i&^c&vm:, 2 

O<Z)MTJ[0] ,MTJ[1] &KSaL/3&V^^t)'tlS^tCttMTJ fciSf. 
[0 0 3 1] 

WBL[0] J:t)fWBL[l] liMClC^- # fc#><Z>*£&#JB tf y 'Ml, WWL 

[0 0 3 2] 

h*&WBL[0] ,WBL[1] teS^ *U Zltl £ &C*f ITItt 

h^WBL[0] ,WBL[1] £W£&frV- KUWWL ©#^j*K:^JS LTMC 
£>MTJ[0] ,MTJ[1] tffifiStlS. 
[0 0 3 3] 

fit, mm** mmnncMmmzmnztifet^v^frTuj* mm^<D 

W£&&my- KJ»WWL , hi»(WBL[0] ,BBL[1]) fc£tC 

[0 0 3 4] 

tttWBL[0] ,WBL[1] izmmZffib. *©«SglCj:oT^'t*^?K#iC<fcoTMT 
J[0], MTJ[1] tf)Xtf>tf)Inj££SV^C5£ (¥ff*fettiR¥ff) tc-rsr^ic <fc y 

, ^£&#tfy h«gWBL[0] ,WBL[1] (Cii##&<^T-*- # CTSV^C^falC 

[0 0 3 5] 
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* ^ U -feMCCDliSSSlcmfl^ flfcaCSffiHi^MTJ [0] * fcttMTJ [1] ©Jgjfiffi 

[0 0 3 6] 
[0 0 3 7] 

"1" ^-^^SBHSStlT^S^ffiCD^fiSt^MTJ CD^m^Ra , "0" 

fe<Z>mR £ mm L jtfm<2&Mi»©^b^MRit= (Ra-Rp) /Rp = (Ra/R P )-lfr t> , 
Ra=(l+MR) XRpi:^^1--g> 0 
[0 0 3 8] 

MTJ[0]="0"/MTJ[1]="1" ©^Sr^^^U-fe^MCiCT ^3B«S*lTV^ 
SfcJtHU MTJ[0]="1"/MTJ[1]="0" CD^Sr^^^EUiZ^MClCO" tfiBttStl 

TVN-g>h^ili--g>o m="r<Dm&. rbl ©m&vsigi 

Vsigl = {Ra /(Ra +Rp)} X (VO -VI) •••( 55 1 ) 

i:ttlt^5„ |Bf^iCMC="0"(D#^ RBL <Z>m&Vsi«0 
VsigO = {Rp /(Ra + Rp)} X (VO -VI) •••( j£ 2 ) 

Vsigl ={(1 + MR) /(2 + MR)}X(V0 -VI) - (5fc 3 ) 

VsigO = {l/(2 + MR)} X (VO -VI) - (5£4) 

ZZ\X\ VsigO £ Vsigl ©¥^> BP*>> ^fflLf$tf>#H8«ffiVrefl± 

[0 0 3 9] 

Vref=(VsigO + Vsigl)/2 = (VO -VI) /2 - (5$ 5 ) 

BP*>, ±IBbfeMCC<ktl.^ 2otf)MTJ Sr1tt^Jt8«SLfe*lJ*S:i:y, 2OC0MT 

1 3 ffi£E# 20 0 3- 3005118 
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[0 0 4 0] 
[0 0 4 1 ] 

[0 0 4 2] 

[0 0 4 3]' 

<*2'©sfeJ6m»> 

0 2 (a) ii, *|§^(Z)m2©^0^lC^SMRAMJCfe^S^^^U-fe;i/MC 

©y w ©-ap^^^flifiiijS&iiiT'feSo 

[0 0 4 4] 

02 (a) Ka^MRAMli, tft&LfcH 1 ©H]&fc7£J&©MRAM£ Jfc^TMC©^^ 
M&U> 02 (a) ©2Tr-2MTJ§?MCJj: > 0 1 ©2MTJMMC£: j£^T, MTJ[0]£RBL 
£©f^lCiz;i/5g#UB© h^>X7T^f- hXFER[0] ft, MTJ [1] hRBLil 

©f^Cir;i/5g#*ffltf> h7>^77^- hXFER[l] tfgMBSftT^S. I©2^CD 
N7>^77^~ hXFER[0] ,XFER[1] ^ft^ftNMOSFET tfim ^ "bftTfc »J , 

•?■©##- HC^ffiLffl?- KiKRWL #gM83ftTV%5. f bt, 2o©t;i/ 
Mfflh7>X77^f- h XFER [0] ,XFER[1] OMMWrnJ ~ K*^-*^*ffib 
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[0 0 4 5] 

02 (a) (DM(bmm*. 0 1 (DMCCDlfr^ilifc^T, 2offltM^h7> 
[0 0 4 6] 

[0 0 4 7] 

mg&frmV- K^WWL illiSIJiCXFER^fd^I-r^^SbfClg^^tlTVN^ 
[0 0 4 8] 

0 2 (b) El 2 (a) iZBLf^2Tr-2mm^^V^JV(Dm^mm.(DmW:m 
F*I h£MTJ[l]{»'DMTJ [O]>OW£MTm^lft&C^-t0-£&S < , 

[0 0 4 9] 

03£J:t>*04tt, 0 2 (a) IC^ b £2Tr-2MTJ§!!* ^ U l/>f T # 

h(Z)-M?:^^U^<^1-S^^{C > 02 (b) *(DC-C mz «fc 'J_tT£##J 
U C-C Hi 'JTJftf>¥ffil/-f 7«7 N£J:t>*C-C H=t *j±Jftf>¥® U-f 7? h& 
jj^0-e&£ o 

[0 0 5 0] 

03feJ:^04iCfeVNT, STI &¥##S^fC^#?lft(C7£j&£ tlfcH^Hfl 
& Gox «S«t®lC^J&3;ft£>f- h^ftBI> GC«>^-h«^i, diffusion & 

m^mmmsTi Tm*nt=.T?Tj7mmMzmnmizMmzn&\?u>(y • 
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[0 0 5 1 ] 

mtmfo±izm\gimMmziftLTMmzti&m 1 mum. cMiMo^diffusio 

[0 0 5 2] 

MX«^2SSIISMl±{cMr«^ll$:^bT^$ti^MTJ ^MMIBIJUI, CX& 
MX^e>Ml^\©=l>^^ h, MTJ ttMTJ M2&MTJ ^MMSH^iiMX±{CJirM 

^^^tT^m^ti, mtj m^<D±mzmwi2nfcm3mmmx*%>2> 0 

[0 0 5 3] 

WWL , RWL , WBL , RBL &@Bifc§Uitf>fflj£ Life U, WWL 

»MC-FII, RWL (iMlfflC-FII, WBL &*£&#Mtf v RBL li 

[0 0 5 4] 

fit, WWL £WBL tttt^ftfCgBS^ft, WWL il WBL <D&&JZttm UTMTJ 
#<SEfi£ftT£>J, RBL #WBL £^TSC@eS£ftTV^M£^LTV\£«, 
[0 0 5 5] 

02 (b) mjt (DTjjizmm2nz>T3mmT*$>z>&2mmmnitf 

WWL T&U, MJT ©±aPBBi(K , r&5^3BBij«jfM2^*Sai*^^ MRWBL 7?*>S 
[0 0 5 6] 

_05tt, *|g0^(D||2(Z)|ISg^ffi©^M{C^-5MRAM{Cj3^^a^ ( ^ ; EU-l2;i/ 

mc® r i/ >r © -as & ^-r w unra-e & s . 

[0 0 5 7] 

SI 5 tC^tl-MRAMte, IH 2 (a) JC*t L fcMRAM£ J£^TMC0)$fJ&#Mfc U > HI 5 
CD2Tr-2MTJMMCli, 0 2 (a) (D2Tr-2MTJMMC££t^T, MTJ [0] <£>WBL [0] $!RC "fe 
;i/^fli(5D h7>^77^- hXFER[0] ft, MTJ [1] CDWBL [1] 

3RMtf> h5>^77^f- hXFER[l] #|£»&3ftT^<&. I02o©h7>X77 
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ff— hXFER [0] ,XFER[1] hC^ffilfflC - KIRWL tf&M£*lTV^ 

. -eUT, MTJ[0] )LKU{\\V>&nmm>) - F^r-^Mi;- K£&ol^ 
-e<Z)ffitt|lIC"e^)5©-r|l|2 (a) ^hl^-f^"^^ LTVn£„ 
[0 0 5 8] 
<^3<Z)H5g^ffi> 

®6 (a) ##§IE(D3!3 ©^^MtC^-SMRAMtC^^^^^^^U-fe^MC 

cor <D-mzm-tmmm$&m~e&2> 0 

[0 0 5 9] 

®6 (a) tC^-TMRAMtt, fffizl L^H 1 CDHS6^(Z)MRAMi:i:bA:TMC(Z)«^^ 
06 (a) ©3Tr-2MTJMMCii, Ef 1 tf)2MTJMMC£: j£^T> MTJ[0]£MTJ[ 
l](^r^{C H©t;i/M0 h^>7.^T^- hXFER^^$tl> MTJ[0] H h ^ 
hXFER(D-^il(Z)^y - FlCH 1 ffll^ffi h ^ -7 7^- 
h XFER [0] ©-$&7^M£*U MTJ[1] ttJVmnm h7>X77^~ hXFERil© 
Stt^ ~ Ki:I2©i*aibfflh7>X7 7y- hXFER [1] 

m^©2o©Mlfflh7>^77^- h XFER [0] ,XFER[l] (7>#«j|sl±# 
&ji(CRBL iZ&mZnT\,^Z> 0 _hfH#b^>^7T^- hXFERX,FER[0] ,XFER[1] 

^n^tiNMosFET tfm^ibnxjsv. zco&?- bm±tfm&&Lmv- k 

5: # U T ^ (Z)^^ &#IBSi- ^, „ 
[0 0 6 0] 

06 (a) lC^3Tr-2MTJ§5[MCtf>tfr^«, Ef 1 IC^ L £2MTJ§?MCtf>M^.fcb^ 
T, 3o©t h7>X77^f- h XFER , XFER [0] , XFER [1] (D^y/^tV 

So 

[0 0 6 1 ] 

L/T> ii«fEl/£:J:-MCMTJ[0] ,MTJ[1] h ^ y 7, V r¥- hXFER&I8W\ 
MTJ £RBL iKD^^^-ti^tlXFER^IS^fcr U, -fe;i/T l/>f ^V^'ft-fb^ 

ft (TOW) <z>*^U ir^^-ffifb^JBl (#TO^SQ ®^^u-fe;i/i:©^ 
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[0 0 6 2] 

06 (b) it. me (a) izmLfe3ir-2mjM*^viz)]s<Dmmmm.<Dmw.m 

[0 0 6 3] 

0 7 £ J:t>*0 8 it. 0 6 (a) iZjjk L fc3Tr-2MTJ3?^ ^ V i^l/CD^® l/>f T 

£ <*aVT5 06 (b) t£<Z>C-C jSg&Cj: »J ±T«:^ffl 

U C-C IftJ: hfcJ:tfC-C ^J; »J ±Ji©¥® 7? h & 

[0 0 6 4] 

H9(t 07 &C^b£TjS<£>¥ffit'-f 7? h<0flfi©M&^^Hl?*>S. 09© 
^®W7?M3U 07©5p®l/-f7? h i:Mbt, 7'# t" -f "f^MkkcD^] U 

(t^§?<z)gc©^^^) o t y, zvmtmv 

[0 0 6 5] 
[0 0 6 6] 

010 (a) tt, *58^CDS4<Z)||Jg^lC^-SMRAMtCfe^S^^ ; EU-fe;b 
[0 0 6 7] 

010 (a) {C^MRAMWu 06 (a) lCa*UfcMRAM£ifc^TMC©«j£#Sfc 
U, 010 (a) <B2Tr-2MTJMMCtt, 06 (a) 0>3Tr-2MTJ§!MC£J£^T, H2 
©i^ffilffl h7>X77^- hXFERfl] tf^B&StlT^So 
[0 0 6 8] 

010 (a) <Z)2Tr-2MTJ3gMCtt, 0 1 ©2MTJMMChJ£^T, MTJ [ 
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0] £WYJ[l]<DmiC lmO-tfrMMmO h7^77^- HXFER#g^3*U MTJ[ 
0] £ Y^yxvyf - hWERV-^ffitKDmM; ~ Klifl^ffib^ h^>*77^ 
— h XFER [0] $r^V LTRBL &Cgcl?s$ tlT V><5 0 ±fBi§- h7>^77^~ hXFER,X 
FER[0]li, ^-tl^tlNMOSFET ^MVN^tlT^SU, -£©#4*- h|sI±#RWL 

[0 0 6 9] 

IH 10 (a) tC^1-2Tr-2MTJ§?MC(Z)l&#tt, 0 UC^ L £2MTJ§?MC(Dlfrf^i:b 
^T, 2o©-fe;i/^M h7^77^- MFER, XFER[0] <D*y/*7W&ft 

[0 0 7 0] 

-ebT, fafaUfeJ:e>lCMTJ[0] ,MTJ[1] f^tC h ^ >X 7 7^f- h XFER *Wttf. 
MCilRBL i: ©raiC XFER [0] fcggtt £ 3 £ J: y , tjbTb'f (3§ 

HWM) ©*^y i^i/^MfrfittTO (#W^®Q (D ^ ^ V ^ )\y nornxm^ 

[0 0 7 1] 

010 (b) tt, 010 (a) tC^bfe2Tr-2MTJM^ ; E , Jir;KDm®^©^ 
fiffif*!^ 7"? h $:MTJ[l]{i7J^MTJ [0] <i£MT^lftK:7^1-0-e&£,, 
[0 0 7 2] 

0 1 1 fcitfig 1 2 01 0 (a) {C^Lfe2Tr-2MTJM^ ; EU-fe;b©¥ffiU 
>fT? h(7j>-M$:7>^ i ;^<^t--5^*fC > @10 (b) fJJtf)C-C iHUCj: U _t 
Tfc#8fU C-C ^J: y TJSco¥® W 7 V h £ tfC-C H«fc »J _Uitf>¥® W 
7"* h^-tmX&^o Z.Z.T°\Z, RBL #WBL ^WtCfBg^nTV^Mfc^L 

[0 0 7 3] 

<m5v>mMj&m> 

013 (a) tt. ^B^CDHSCDllig^iC^-SMRAMtC^^^^^^'; tJl 
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[0 0 7 4] 

HIl 3 (a) iC^-TMRAMte, StfizB h tc% 1 ©||M^©MRAM£i:fc^TMC<D«J& 
ft^&U> 013 (a) (Z)lTr-2MTJMMCtt, H 1 (Z)2MTJMMCi:i:b^T, MTJ [0] £ 
MTJ[1] - KtfM^fcBLffl h7>^7?y- h XFER Ik-frLT RBL C^gg 

$tlTVN§ 0 _hfB h5>^7?y- h XFERX fct, NMOSFET #M 4lT & U , -£ 

& # u t ? am® zmmir s „ 

[0 0 7 5] 

EI 1 3 (a) 01Tr-2MTJMMC<Z)i*^«, H 1 <22MTJMMCtf>lfr#i:ifc^T, 
[0 0 7 6] 

fit, i&fEb£J:e>tcMC£:RBL i:(oraicXFER&&ttfcri:lc <fc *J, t;i/7i/ 
=E U i2 ;i/ £ <D fSlT- RBL £ ft b IS »j TLfrWfc & MB? "T 5 «fc 3 IC^It f 5 r £ #nf 
[0 0 7 7] 

HI 3 (b) HI 3 (a) IZjFL&lTr-Zinmt^V-tJl&mWMig&m 
mmftVJTV h £MTJ[1]»£MTJ ^{WSrMT^^lC^-tH^fe^c 
[0 0 7 8] 

HI 4 fci^il 5 It, 013(a) IC^LfclTr^MTJS^^U-fe^^spffiU 

>r rf S0-M&#^*J^<^i-sfc«>ic, hi 3 (b) ct»a>c-c jwtcfc yji 

T&#l!!U C-C »<fcyT»©¥®U>f 7* hfcJfctfC-C MU:OJ:JI©¥®W 
Tfh^tHf&S. r^Tftt, RBL #WBL t¥ff ICS2S341T v**#S£a%l, 

[0 0 7 9] 
<» 5 ©&J6^tt©g^ffi[> ' 

Hl6tt, H 1 4 (C^L^TJftf)^® TV b<0i&<DM&&'rm*e&>2>o 3 

its, rbl ifiwi £ii:£^£:£fa&cfSfi£ftT^£M£^i/T^<5 0 
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[0 0 8 0] 

<me<Dmmj&m> 

mint. *m%<nme(nmmBmizffimMMz&tfzmn l * ; zv j &mc<DT 

[0 0 8 1 ] 

<bfc> mfrftL^iz?n?nfti&i,xwMzn2>mf±.mvo,vi £mtj[o], mtj[i] 
tomoim^T&frm^v h^wBLto] ,wbl[i] jc ■zti^ftMmLTmg&frm h 

7>X77>f-h XFERtfff A £ tlT V^,£ U > * ©ffi fcfc Bl 15 V 3b £ <D T? M 

2 (a) tp£.m-&-%ZtflsT*<DMm*'4£V&-tZ> a fcfc, H17tf>, MCtt^^ 
<Dffimt<Z>fc&>lZM& L£lTr-2MTJMMC£^b£:#, 3tUCP&£>-f, tffMU£:2T 
r-2MTJMMC. 3Tr-2MTJMMC £ ffl V % 3 3 £ ifi nTlgT & £ . 
[0 0 8 2] 

ijfiB#fig«fivreftt#flg«^^im» (m^-frt 5 ) a»e>#M&3ft* 

%(Z>T?&U. ilS. VO£V10>cfJi8f«dL KP13, Vref=(V0 +Vl)/2 ilfcSS&T? 
[0 0 8 3] 

, Mc©Mastcvo-vi*s«ffiM*Wins4xSc fit, rwl #i«favo,vi <z>e>*> 

© iSv J: y%NM0SFET ©BKtSJEVth JgJLbigV*mfeK:$S1£fl;3 tlTMCf^g 

-SyttRBL JC«aeS4x, S/A &CA7J£*U Vref Zgmt LTiZ ^Hf^fcffi. 
[0 0 8 4] 

*^*«"ett, ^*ffiLifrfWc;m^te#£&*Mfc?y MRWBL[0] ,WBL[l] 
WBL[0] ,WBL[1] u:i^fln3;ftsvo£vi<0tpra«&T?&*itfj:v^ 

[0 0 8 5] 
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i&m&&<* mknoziTfflzmf&'t z®&zi8v&fcT*g 2>o s/a temm& 
ms&x* bmm «rt£"e & y . mouses tr y 1. m c t; y u^r y * h 

"Tlgi:^-5o 3*ucj:'j, hmfrBlsftZftmrn^ffitteZo 

[0 0 8 6] 

<# 7 

i/ >f © -» i: ffi l ^ias&© -3 & 5t-f 4Stflifia»0-e & s „ 

[0 0 8 7] 

0 1 8 IC^MRAMtt, tuMbfc^2©H]6g^©MRAMiiit^T> T-Zm&m 
by-KA^RBL iC^^m^tlfem^^-fe^^T^^S/A -e#M«feVref£:Jfc$e 

<b(c, ^ffib^tc^ti^ti^f/SbTminstisSJE^vo.vi £mtj[o], mtj[i] 

H(Dm<DW£xLfrm¥y hifegWBL[0] ,WBL[1] {C, -£*l^4x*fj& h 

2 (a) cfiilH-^F#$:#LT^(Dm^S:*BSt-S = 
[0 0 8 8] 

*ftlTftt, frjgEVreffcL # ^ ^ U iz;i/DMC. *l£ % <DX*$> U 

, VO£Vl<Z)tmS€L Vref=(VO +Vl)/2 h*5«&t?feSo 

[0 0 8 9] 

BufHDMC ttMCCDMJT £ |hJ^CD#*^. — MJT V^TVref £ «k e> IC^S 

, -fe^^T^^S/A {C^&SftS. 
[0 0 9 0] 

Sr^bfe^ ZL4xlCPSe>1*, |ffMLfe2Tr-2MTJMMC, 3Tr-2MTJMMC£M V\ -5 3 
[0 0 9 1 ] 

«ctc, dmc <D-&{*m&mm-t&a 
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[0 0 9 2] 

01 8 cptC^-TDMC \t. 2I©^5 -DMJT[0L] , DMTJ [1L] &CSV^C»£(Z)'T r — 9- 
$r^LfeHl<Z)^^-ir;i/DMC[0] 2 M©^*^ -DMTJ [OR] ,DMTJ[1R] ^CSV^ 

ir;i/DMC[l] £ &^1-£ 0 ^(T)^, dmtj[ol] £Dmtj[or] tt-eti^ti*^-* 5:13 

ir-rsicj^cfs^ftSo -ett> ±fa2M©*^-i?;i^e3^*i^M/&i/ 

-M^mtM K5^77^- hXFER[L] ,XFER[R] 
[0 0 9 3] 

[0 0 9 4] 

^tUCi:^ M^ffibi&#^{CDRWL^^b^tl^#^ DRBUCtt(VO -VI)/ 
[0 0 9 5] 

v #;tc, IH l 8 tfKDDMC (DmfcMZWim-tZ? 

[0 0 9 6] 

M 1 9 ttUC^-TDMC It, 21®^^ -DM.mC5V^C|HlC7-*-# tzUWltf^ 1 
<7)#* --fe;bDMC[0] 2f@(D#*^ -DMJT(CSV^C|!5 Ct 1 - # o.TH 1 

^ --fe;i/i:«^cD7-*-^ »l^2©^*> --fe;bDMC[i] ££^6, ^It 

, ±fB2M©^^--fe;b^^> j etl-? ? tl*f^bT^^-^^ffiLM h7>^77^ 
- h XFER [L] ,XFER[R] Ikft Iti^ffi b L TVref L T ^ - 

iB^mLMli^y h^DRBLlC^^m^tl^o ®19cfi, --fe;K£> 

[0 0 9 7] 

mtCj:tJ. M^mLtlf^^lCDRWL^M^tlfc^^ DRBLtC (VO -VI) 
[0 0 9 8] 

019tf, MCfciitfDMC itm7X<Dffimit<DfclbiZMi& L ^lTr-2MTJMMC 
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ZmLfcf)\ ZMZmb-f, ffjJ&L£2Tr-2MTJMMC, 3Tr-2MTJMMC £ IB V*£ 3 £ 

[0 0 9 9] 

<I8©HM> 

[0 10 0] 

m^m-tm^mz, mio)mmizmu[o) ,mj[i] mzmfeom&mz^z-, m 

2 (DmmiZlZmj [0] ,MTJ[1] r^CBtflH*^M^«l^^^:^^T^'l4(D«^M$: 

m^^y^ry^s/k (D^mmmreftL. mm^ 2 ommzm^^KBL izn 
frmztitm&z^y^Tyj's/k xwrnvref t&MtLTncoT- # s^it 

^(Z)ffili|HlC-e^^(DT'EI2 (a) t£ £: m^W^ £tf btf 
TJMMC$r^Lfc^> rtUCPg^-f. frji& L £2Tr-2MTJMMC, 3Tr-2MTJMMC£j^ 
[0101] 

hawBL[o] iKDr^icmi y;i/-y<D^-r y^it^sw[oa] tfmxzn, %2<dj- 

FiZmm £ tlS Sffi^Vl £ frffHWBL [O]t©r4Ci2 ^1/-7 s 0X^>y -^Hi^SW [0 
b]#jfA£*l, «BE^Vli:#^ii^M^^ hl£WBL[l] ^cOTtclgi 7)\s-Zf<D7. 
A >y^H^-SW[ia]^»A5 4x, «i±^V0i: MfEWBL [1] i:©f|(C^2^l/-^0^ 
-Y y^ii^-SWtlb] tf# A2*l£ 0 ^Lt« Hl^l/-^02fi©X^')/f^SW 
[Oa] ,SW[la]" ttH l&raJC^ttftfWflPS ft&fl 1 ©X-f ^yf MMPaC J: ott 
> tC X -f y ^ > ^ ft* £ 4l, I2^1/-^0 2l©^>f7 ^ Si^SW [Ob] , SW [ 

ib] «n 2 iratcvSMM -£n2>m2<Dx4 v 3-w®m.mz &^x*y^m\z 
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[0 10 2] 

L[0],WBL[1] ff^cM^ -0B©^*ai b»^i:^iaB©^*ffi blft 

[0103] 

M©SW[0a] ^SW[la]^^->^J|^J&So r*UC<fc»J, WBL [0] ©m&teVO. WBL [1] 
©Sftttvi£&£ 0 r^t, KCicT #iB1B34xT^&£:'t5i:> RBL ictt, 

Vsig[a] ={(1 + MR) /(2 + MR)}X(V0 -VI) - (jS 6 ) 

tlTH2 ^;b-^(Z)2M©SW[0b] hSW[lb] ^^->^h^-5o 3*UC«fc »J, WBL[ 
0],WBL[1] (Dmm$> —mM<DWt&&Lmft£.l*&l^ WBL[0](Z>S&#VHC, WB 
L[1]0>S&#VO ^©B#, RBL {Cli, 

Vsig[b] = (l/(2 + MR)} X (VO -VI) - 

[0104] 

[0105] 

•<» 9 

02 1 l±, 02 0 tC^b^M^ffib^[ai2&(Z)-^M$:^1-|lIS&0-e^^ o 
[0 10 6] 
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<frffi£*i£*&£3g 1 ©A*fiB©A*#«T*'»f*bT#fla«ttVref i: I, 12© 
JBIBICMC^&RBL C«*ffiSnfe*ffiS:j»2©AAfiB©A*** , C««?bTI(rfla 
VreftJfcKUTMC©^-* Sr^L/T^-tVsaoutSrffi^jf'Sa -f-OffittfilC-e* 
S©TH2 O^fcH— LT^©^***"*-*. fcfe, SAENBLttS/A © 
?Stt^fg#T?S>S- 02 1*, MCtt^©ffi#ft©fc&lCi&&UfclTr-2M 

TJ&MC&mbfctf, rtliCPI^T, frr^b^2Tr-2MTJMMC s 3Tr-2MTJ3!MC&JB V> 

[0 10 7] 

lafB^2©TOlfiIi^©-M«, RBL t^y^yyfs/k ©Hi©AiJ^s (-) 

£.<DfglK&5<DX>( y?-m*SW[c] ##A<**U RBL £ -fe > X T > ^S/A ©H 2 

©A;M ( + ) tomizme&T.j y^jfc^swtd] ##A34x&. fit, x-f 
y ^Ht^SW [c] i JBWJCfgttfblWttS tiSf 3 ©x>f y ^«3«f«8Pctc iot 

[0 10 8] 

#0U©MRAM&, jH^SnfeMC^^^-^Sr^ffiflK, *£&#JBl^y h»WB 
L[0],WBL[1] IBIK:miD , t««fiS:> -EI B ©ie#m LMttt — ©Ss^m LS& 

fitt'«yf^TMaibi#H!^. fit, -tag©»*mLy»f^NrtcttPc 

tfiSttfcSti; RBL {cm#£*i£M#teSW[c] ^^lts/A © r Tj a 

mznz. ^©^> pctt^isttftstis. -ms©M*mL>i&#^ic«pd^ffi 
ftsti, rbl icffi^jifc^&swtd] &/rbxs/A © r+j Atjmzmmzn 
s„ *©&, Fdizim'mtznZo -e©&, smBLtfm&fcznTs/k mi 

[0109] 

^Wcfev^Tli, s/A lcA#3*i5f§#©^Mi, ta«E© (5£6) h (5£7) 

Vsig[a] -Vsig[b] = {MR /(2 + MR)} X (VO -VI) - (j£ 8 ) 

tttiT^s. 2m<DWt&&hmmz& *j, ttffa^i©n^M©2^ 
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[0 110] 
[0 111] 

H2 2qnzm-?m&mL&mmz. m2 o $nz*kLfrm&m^&mmzis^T 

[c] i^mu^nx^^ a ^thx. izyxyy^te, '$iftm$&MFF(DAmj]t%5miz 

A*;-Kt$»Sc tt, 0 2 2^ MCtt^^^M^^^tCttf^bfelTr^M 
TJMMCfc^bfc^ Z.nizmb-f . |tfi7Bbfe2Tr-2MTJMMC, 3Tr-2MTJ§EMC£M V^ 

[0 112] 

?mmm?ciz&^T*yW;mizxj vryymwznz. iafH^4(Dx-r 

[0113] 

X-SSKC J:oT#^ji»Mtf^ h^WBL[0] ,WBL[1] ratcm*^ -HI@ 
[0114] 

±fB-lilg<aM*ffiLifrmc;j^TW:, Pc#*£<fttt£*iTSW[c] tfxyWMt 
i*UCj;*J> RBL &C§^m£*lfef§##<SW[c] fctf* L TNDlCifg^;* *u ^ 
©^{CPctf^'&fl^ftS,, rtf)B|, Pdtejfrftft^TfeU, DIFF©miJ^i:A 
iJ^sliM^StlT^U, DIFF(7)A*y - KND(Z)«^(iVref^ LT^i$£ *l£ 0 
[0 115] 

fit, ^®@<Z)il«2*mLlfrf£iC;}5V^kL RBL &Cf§-if#^m£ tlfc^i. Pd 
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(D$f* \)\W(DXj3(DA± J - KND<Z>*&gHfc&DIFF#fc&^S;ifcCJ:oTMC<Z) 
[0 116] 

«j©M^mL^nii?&{ci:ti«, mtj (Dmmm^mnmiz. vuwt 

[0 117] 

<n 1 1 tonmj&m> 

[0 118] 

0 2 3 IC^-T MRAM&, buML^H 1 ©||J6^M~II 5 C0H«M© V\-ftl^(C 
as L £ MCtffr *J*K IC MM 2 tl "fe ;i/ T 1/ -f 0#fT© MC IC ^ ji^M $ tl f=- ffi b 

Mltt>X7>^S/A #8$&«**lT33»K RBL #WBL £ WlC®Ig2 tlT V^ 
[0 1 19] 

02 3*, MCtt^CDfaf#ft©fe*K:|&j*LfelTr-2MTJMMCS:^L/fc^ 
, dtUCK&l*, fuML£2Tr-2MTJMMC, 3Tr-2MTJMMC £ ffl V>£ r £#«T|BT'& 

So 

[0 12 0] 

R/D lifftfnn^fn-WJ, fO^lii^tflbM 1 ?- KfcRWL tc^ 

[0121] 
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wbl ©ej^cD-^tc^i <Dm&zm%?iirz>mi ©i^ajbffltfiMf^, 

CDWBL © o^ommcm 2 CD«fi$:^i-^^ 2 ©g^ffi t 

mizmntsfrTmmznx^&o -^j-cdwbl ic^bT^ffiLfflm 

ft£^Mtf)PMOSFET(PT) fe=fc^NMOSFET(NT) tlT U > #£&<frlfr#M 

<Z> — #fCDWBL K^>f A£||fcMir£^#MtBT*&£ 0 
[0 12 2] 

*mviz. <z> wbl izfti&?z>-tt<DWL K^-r a" t-n v> rwl (c^-rs 

[0 12 3] 

-*ftf)WBL <Z)|^-^f^CD-^{i{C2-3C7)M^mb^*fe«l&^5:iHSL/ 
ggHj^L<&y, — *fCDWBL c7)^4x-?ti(Z)^m^^L/<^^cD-t?, i*{UL7 
[0 1 2 4] 

#UC> ^B^tC^^MClC*f-r§^^mbi&#(C|^LTtf^ N^WBL,RBL £ ^ U 
^•V-^-rS^iCoV^Hftl^t-So S#lft{C&, WBL ££&RBL ( a ) Va 

a IC^y ^-^£#5$;, (b) (Vaa+Vss)/2 {Z zf U ^-Y - ^t* (c 
) Vss (C^U^-V-^f ^^5:Mffl-r«>^^*^tg-efe^ 0 Z1Z1T% Vaa.Vss 
li, S^ffiLlM«(Cfg£t£WBL cr>Sft£«)ir o 
[0 12 5] 

m24 (a) m&mLMftM<Dfflmizwiz&&m¥v bmwi z%n<z>m 

[0 12 6] 

1324 (b) MfrftlsMftm&fflmzmg&frm^v h^WBL £tHl 
&Vaa hH2C0l|^Vss £ C9 cMftft (Vaa+Vss) /2 (C^ U ^ Y - ^-T^^^^M 
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[0 12 7] 

in 2 4 (c) m&mLmftffi<DMmiz.m%&&%¥ v mkwbl zmzvm 

[0 12 8] 

fcfc, IH 2 4 (a) ~ (c) tfJ, READttSS*ffiL K9>f SN 
tt 1 OO^^U i^l/lC^StlS 2CXAMTJ ra©y-F©«m« (Jt&§H*"0" 7 s 

[0 12 9] 

Ei2 5 (a) m&mvmftiw<DMmiz.ffi&itii<m¥v mrrbl £gsi<z>s 

[0 13 0] 

®2 5 (b) tt, M*ffibl&f^Su©»ir^lC^»mLffltr^ hURBL $:Il©t 
^Vaa £|g2<Z)«&Vss £ ©cfifig*&(Vaa+Vss)/2 JC^'J ^-Y - S^sS&S 

[0131] 

Ei2 5 (c) it. mfr&isWjftifi&fflmizmfrmi'R^y msrbl &sfS2£>m 

[0 13 2] 

fcfc, 0 2 5 (a) ~ (c) t*J, RWL iii^tiilffl©'; - F?|0ttMf 
To i*ffibM©C- KUtfiSttftSftfclS, RWL ©m&tefg 1 ©m^Vaa 

[0 13 3] 

<!g i 2 ©§yg^f§> 

III 2 6li, 2(Z5H5g^^^SMRAMlC^^S^^ ; EUi2;i/MC(D 
7 l/>f ©-W^Mjaia8&©— »&5J*JffiLT--MS:^ , tiaM&0"e*)5. 
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[0134] 

Z>fcSb<D#$ -MC(DMC) #iett£*lT;J3t)> "ZJhT tf)#*T<£>MC& =fc tf 

dmc iz&mmmznfrn&&Ly- k^rwl *^f^ioitc@gs$tiT^u, -t^y 

-fe;i/Ti/-f ©dmc fBfi^'J^^DMc ic^sg^^tik*^ -M^ffibffi^v 

h HDRBL^M^ ft {C @gg $ *l T £ U , -fe;i/Tl/-f tf>##J IC *f btt>^7>^ 
S/A tf^ll^tlT&M, RBL #WBL £TO{C@Bg£ tlT ^ £#l Sr^l"., HI 
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